Introduction
The Ninth Session of the International Police Conference held in New York in 1923 adopted a system for identifying individuals using information from single fingerprints. This system, called Distant Identification, was developed by Hakon Jorgensen and utilized about fifty numerals of coded fingerprint information which could be transmitted by telephone, telegraph, or radio.
About the same time Scotland Yard began testing a similar system by C.S. Collins .
In both of these systems the coded information from fingerprints was obtained with a magnifying glass using a special reticle containing two parallel lines.
In the Collins system the parallel lines were 6 mm apart and in the Jorgensen system the lines were 4 mm apart. In addition to information about the core of the fingerprint, the codes also included topological information from the ridges observed between the parallel lines of the reticle resting at a prescribed position on the fingerprint.
At Scotland Yard the Collins system was tested on a collection including some 40,000 single prints representing about 4,000 persons. It was found that the codes did not discriminate adequately between like and unlike prints, and it was necessary in many cases to examine not less than 75 per cent of the impressions filed under the particular type of pattern for which the search was being made. During a period of seven years only a very few identifications were made .
Another single fingerprint identification system was developed by Battley 4 at Scotland Yard which was intended to augment the Henry system for dealing with latent fingerprints found at the scene of a crime.
The Battley system deals with coded core information along with delta positions, ridge counts, ridge traces and other peculiarities of the printo A special reticle with concentric circles is used for defining areas for scrutiny in the fingerprint.
The success of any of these single fingerprint identification systems has been limited, and several reasons for this might be identified as follows: (a) Searching files of codes manually is difficult and slow. (b) The skill required to code the fingerprints may have limited the number of users.
(c) The technique may have had an insufficient ability to discriminate between like and unlike prints, (d) The system lacks an adequate scheme for ordering or classifying the codes.
Most of the fingerprint systems developed to date utilize topological techniques such as core pattern descriptions, ridge counts and ridge tracing. They also utilize geometrical techniques such as measurements on the print and determining where to count ridges. Geometrical techniques suffer from the stretching and flexing of fingerprints, and topological techniques such as core pattern descriptions suffer from the variation in the inking of fingerprint impressions as well as the amount of training required by the user. Hankley and Tou have investigated purely topological coding and concluded that it should be feasible to automatically trace ridges and topologically code fingerprints.
The system described in this paper attempts to strike a good balance between the geometrical and topological techniques used. It limits its objectives by not attempting to deal with latent prints, and most important of all, it utilizes a computer for searching a fingerprint file and matching fingerprint codes. The use of the computer has permitted the code for the fingerprint to be easily written by an individual with limited fingerprint experience.
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Objectives of the System
In this system it is assumed that a central computer will maintain a file consisting of the codes for two fingerprints from each of several thousand fugitives or persons wanted by police. At some remote location the two appropriate fingerprints can be taken from a suspected person.
The codes for these fingerprints can be determined in about ten minutes using a special reticle with a regular fingerprint magnifying glass.
(An opaque projector with an enlarged reticle is of course easier to use,) These codes are then sent to the central computer via a directly connected remote teleprinter or by radio or telephone to an operator at such a typewriter. The computer compares these codes with those in the file and computes a score indicating how well these codes match each of those in the appropriate section of the file.
If the score is above a certain threshold value, the computer reports the probable identity of the suspect back to the inquirer.
An enlargement of the reticle used by this system is shown in Figure 0 . The horizontal lines are 13 mm apart and the radial lines are 18°a part. See examples in Figure 1 .
On a plain arch where no core pattern such as those shown in Figure 1 occurs, set the intersection of the vertical line and the lower horizontal line at the middle of the crease in the finger. Next, move the reticle up or down slightly so that the upper horizontal line falls on the nearest ridge.
The intersection of the vertical line and upper horizontal line should be at the highest point of the ridge.
Coding the Print
Starting with the first ridge above the (upper) horizontal line and moving upward, the successive ridges that cross the vertical line are numbered 1, 2, 3, etc" through 14.
Each ridge is traced from left to right starting at the horizontal line on the left and ending at the horizontal line on the right. As one follows the ridges from left to right, events are coded as follows:
ridge runs all the way from the horizontal line on the left to the horizontal line on the right. See Figure 2 for such ridge patterns and their codes. Ridges that cross the vertical line are called reference ridges and are given integral line numbers. e ridge ends before it reaches the horizontal line on the right. The position at which the ridge ends is indicated by the sector number.
Thus ridge number 3 ends in sector 7 in Figure 3o If a ridge does not cross the vertical line it is given a decimal line number. See ridge 3»1 in Figure 4 . A ridge that rejoins a lower ridge is also called a ridge ending.
See ridge 3 in Figure 5 . See ridge 5 in Figure 5 " The point where a ridge departs from a lower ridge is also called a starting ridge. Thus, ridge 7» 1 starts in sector 8 in Figure 5 . i an island or short ridge whose length does not exceed a sector length.
See code line 8.1 in Figure 5 .
An enclosure, spur, closure between ridges, or notable lump on a ridge is also coded as i if such event does not exceed a sector length. Several examples are given in Figure 6 " If one of these events falls on a sector line, such as code line 4.1 or 10.1 in Figure 6 , it is given the sector number corresponding to where it starts. The line number of an event occurring between ridges is obtained by referring to the next lower ridge.
Note that spurs hanging below a ridge are referred to the next lower ridge by line number.
See line 7. 1 in Figure 6 " Enclosures and spurs projecting upward are referred to the ridge to which they are attached., A break in a ridge that is shorter than a sector length is not coded.
See ridge 5 in Figure 6 .
Islands separated by less than a sector length are treated as continuous ridge.
Incipient ridges are ignored.
When a section of ridge does not cross the horizontal line, its start and end are both given in a code line separated by a comma. For examples, see lines 7.1 and 7.2 in Figure 7 .
Figures 7 through 10 demonstrate the order in which events are coded.
Events are coded from a reference ridge outward as they are noted in reading from left to right. Thus in Figure 8 , following ridge 5, ridge 5.1 ending in e3 is followed by ridge 5.2 starting in s7, and this is followed by 5.3 ending in el. Ridge 5.3 may be thought of as having higher rank, than 5.1 and 5.2 because it is further from the reference ridge 5.
Note that the line numbers correspond to the ridge count along the vertical line. Nothing is coded ahead of ridge 1. Coding stops when line numbers reach 14, when an indistinct area is encountered, or when full ridges fail to reach from the horizontal line on the left to the horizontal line on the right.
4.
Computer Procedure for Reading and Filing Codes
When a code is to be entered into the computer the operator first indicates whether the codes is to be filed (F) or the code is to be searched against the existing file (S) . An identification such as a name or police identification number is next typed in followed by the code.
The line numbers are omitted to save time. As an example, the 
Procedure for Comparing Codes
Assume that a match for Figure 5 is being sought from a file which already contains the table of data corresponding to Figure 10 " When the computer is ready to compare Figure 5 with Figure 10 , it holds the table corresponding to Figure 5 as columns A B C of Figure 13 and it brings the table corresponding to Figure 10 from the file as columns E F G of Figure 13 .
(When two tables corresponding to two fingerprints are being compared, the shortest In Figure 13 , S=3. This score is re-computed with G increased by one and also decreased by one.
(In the computer program given in the Flow Diagram, this means using Q=0, 1, and -1.) The final score is taken as the largest of these three scores. This allows for a difference of opinion by coders as to where ridge counts should start on the fingerprint.
(The matchine procedure allows for an additional difference in opinion as to ridge count as well as sector number.) A final score equal to or greater than 14 indicates that the prints probably came from the same finger, but a value for this probability has not been determined. Figures 14 and 15 Figure 15 does not occur in the code in Figure 14 . Also, the ridge ending, e3, in line 7.1 of Figure 15 is interpreted as being in code line 8.1 in Figure 14 . However, these differences do not lose points in the scoring,,
The tables generated for comparing these two impressions are shown in Figure 16 . The score, S=26, indicates a veryhigh probability that the impressions are indeed from the same finger, 6.
Preliminary Results and Discussion
As a preliminary test of this system, fourteen different fingerprint impressions labeled Wl through W14 were coded directly from cards and stored in the computer file. The types include ulnar loops LH, ulnar loops RH, whorl, and double loops " Fourteen different impressions from the same fingers respectively (taken from five months to eight years later) were then coded by a different person and labeled Pi through P14. These codes were then compared with those in the file and the resulting scores are given in Figure 17 . The scores for two prints from the same finger appear along the diagonal.
If a threshold were set so that any score of 14 or greater would be considered a "make", all of the second set of fingerprint impressions would be correctly identified except P5 which would claim to be either Wl or its correct match, W5. This preliminary data suggests that a single fingerprint might be used with a suitable threshold score to locate one or more "possibilities" for an identif ication" When plain arches are coded it is difficult to determine where to start counting ridges because of variation in the inking of the crease in the finger which locates the lower horizontal line of the reticle,, As above, nine different arches were coded and filed as W15 through W23" Different impressions of these same fingers were coded by another coder and searched against the file" The results, shown in Figure 18 , indicate that single arches are not very satisfactory for use in this system.
The very low score for P18 matched with W18 was found to be caused by a difference of inking of the crease in the finger,,
The scores in Figure 17 and 18 suggest that using two fingerprints from an individual instead of one print will produce a higher discrimination. To analyse this, assume that successive pairs of these prints are from the same person. Thus assume that Wl and W2 are both from the same person. Figure 19 and the results using arches are shown in Figure 20 . With a threshold score of SR=90, every individual would be correctly identified. Scores 
